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AB S T R AC T
Background: First introduced as the safer alternative to smoking, va-

ping has become a popular activity among young adults. However, little
is known about its potential health effects. This pilot project examined
the acute cardiovascular effects of nicotine vapes/e cigarettes (EC) com-
pared to tobacco cigarettes (TC) in young adults to determine if vaping is
more detrimental to cardiovascular health than traditional cigarettes.

Methods: 16 healthy participants (7 M, 9 F; 20.2 ± 1.9 years) were
recruited to participate in the study. Anthropometric measures were de-
termined upon entry into the study. In addition, circulatory measures
(heart rate [HR], blood pressure [BP] and heart rate variability [HRV])
weremeasured prior to and 10-min following vaping or cigarette smoking
and in response to an orthostatic challenge.

Results: Resting circulatory and HRV measures were not different
between chronic EC-users and TC-smokers. Both vaping and cigarette
smoking-induced a significant increase in cardiovascular measures (HR
and BP) but not HRV measures. Both groups responded similarly to the
orthostatic challenge prior to and following vaping/smoking.

Conclusion: These results indicate that, from a cardiovascular per-
spective, vaping induces similar acute effects as cigarette smoking and
that young adults should be counselled about these adverse effects ac-
cordingly.
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1 | INTRODUCTION

A substantial amount of literature indicates that tobacco
cigarette (TC) smoking is related to a plethora of cardio-
vascular diseases (1); causing approximately 30% of car-

diovascular disease related deaths. (2) Smoking TC has
been noted to increase an individual’s chances of de-
veloping atherosclerotic diseases such as angina, acute
coronary syndrome, stroke and sudden death. (3) To-
bacco cigarettes contain over 7000 chemical compo-
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nents, including nicotine (with concentrations of 1.99 ±
0.20 mg/cigarette), tar, carbon monoxide, acrolein and
pro-oxidants. (4) Nicotine has been shown to be a pre-
dominant factor of accelerated atherogenesis and car-
diovascular disease. (5)

Electronic cigarettes (e-cigarettes, EC) were intro-
duced in 2006 as a more health-conscious alternative to
cigarette smoking. (6) EC are electronic heating devices
which create an aerosolized mixture of liquid containing
stimulants (e.g., nicotine, marijuana), flavoring and sol-
vents for heating that can be inhaled. (7) Nicotine con-
centrations in EC can range from 1.6 - 19 mg per car-
tridge. (8) The adverse effects of chronic EC use include
bronchitis, emphysema, respiratory tract irritation and
cardiovascular disease. (2)

It has been well established that the acute effects of
smoking TC can change heart rate variability (HRV) pa-
rameters, leading to an increase in the low-frequency
to high frequency (LF/HF) ratio. (9) This increase is at-
tributable primarily to the effects of nicotine. (10) Indi-
viduals who smoke cigarettes regularly often experience
a reduction in HRV, indicating an increased sympathetic
nervous system (SNS) activity, increased heart rate (HR)
and blood pressure (BP). (11) Similarly, vaping EC that
contain nicotine has also been found to induce an in-
crease in SNS activity. (10, 12)

While vaping is gaining popularity (4), little research
has been done to determine its possible cardiovascular
side effects (2) and minimal research has compared the
effects of smoking tobacco cigarettes (TC) with vaping
EC on HRV. (10) HRV is a reliable, non-invasive tool for
determining autonomic nervous system control of the
heart. In a study of 100 smokers (42 TC smokers and 58
chronic EC users), Arastoo et al (10) found that baseline
cardiovascular and HRVmeasures were similar between
TC-smokers and EC-users and that HR, systolic blood
pressure [SBP], diastolic blood pressure [DBP],andmean
arterial pressure [MAP] significantly increased following
acute exposure to TC and EC. However, HRV measures
were not altered. Interestingly, the increase in blood
pressure [BP] was significantly greater in the TC smok-
ers, which the authors believe may have been due to
the greater number of chemicals contained in TC. So far,

other studies that have compared the acute autonomic
effects of smoking TC with EC-use have examined HR,
SBP and DBP as surrogate measures. (12) HR has been
consistently shown to increase, whereas contradictory
results have been reported for SBP and/or DBP. Simi-
lar to the work of Arastoo et al (10) a few studies have
demonstrated that the cardiovascular autonomic effects
of smoking TC are greater than vaping EC.

Moreover, no studies have examined the dynamic in-
fluence of a sympathetic maneuver (such as an ortho-
static challenge) on HRV in TC-smokers and EC-users.
One study with TC smokers examined the dynamic in-
fluence of parasympathetic (PNS) (controlled breathing)
and sympathetic (SNS) maneuvers (hand-grip exercise)
on HRV (13). Barutcu et al (13) found that parasympa-
thetic (vagal) modulation was blunted in smokers during
a controlled breathing exercise.

Therefore, the purpose of this study is to examine
the acute (short-term) cardiovascular effects of cigarette
smoking (TC) and e-cigarettes (EC). This research is im-
portant as EC are becoming increasingly popular among
cigarette smokers and those who have no previous his-
tory of smoking, yet, there are gaps in the literature ex-
amining the acute health consequences of regular EC
use. (2) This project examined the acute cardiovascu-
lar effects of smoking TC in young adults in compari-
son to those who vape EC as well as their response
to a postural challenge. Based upon our review of
the literature, we hypothesized that there would be
no difference in resting circulatory and HRV parame-
ters between TC smokers and EC-users that heart rate
and blood pressure would significantly increase follow-
ing cigarette-smoking and vaping without measurable
changes in HRV and that both groups would respond
similarly to an orthostatic challenge. Since it was re-
ported that that the perturbation in circulatory mea-
sures tends to be greater for individuals who use TC vs
EC (10), we predicted that individuals in the TC group
would have a higher HR, blood pressure, and increased
sympathetic tone compared to individuals who vape EC.
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2 | METHODS

This study used a pre-test, post-test cross-sectional de-
sign to assess the cardiovascular effects of smoking ver-
sus vaping. A flow chart representing the experimen-
tal design and outcome is depicted in Figure 1. The
study was conducted between the months of January
and March of 2020 and was approved by Trent Univer-
sity’s Research Ethics Board (File 26045) in accordance
with the Declaration of Helsinki.

2.1 | Participants

Participants were recruited through announcements
made in class and posters placed at a post-secondary
institution in Ontario, Canada. Interested participants
contacted the research team. Exclusion criterion in-
cluded the presence of known disease (e.g., cardiorespi-
ratory, neurological, gastrointestinal, metabolic and psy-
chiatric). Nineteen participants who either smoked tra-
ditional TC or used nicotine EC volunteered to partic-
ipate in the study. Three participants were excluded
from the study (one participant had a medical condi-
tion and two participants could not return for testing
due to the COVID-19 pandemic lockdown). Participants
ranged between the ages of 18 through 25 years and
were assigned to their respective groups (TC vs EC)
based upon their smoking history (a minimum of a 1-
year smoking or vaping requirement for participation).
The goal was to have exclusive smokers/vapers in the
study, however, 4 smokers and 3 vapers disclosed that
they occasionally vaped/smoked, respectively.

2.2 | Procedures

Participants visited the laboratory on two occasions. On
the first visit, the experimental procedure was explained
andwritten, informed consent was obtained. The partic-
ipants then completed a questionnaire that was used to
gather demographics and smoking/vaping history.

Anthropometric measures were taken including body
mass, height, and skinfold measures. Body mass (kilo-
gram [kg]) and height (metres [m]) were obtained us-

ing a Health-O-Meter scale (Health-O-Meter Corpora-
tion, Bedford Heights, Ohio). Body mass index (BMI)
was determined by dividing the body mass (kg) by the
participant’s height (m2). Body density was determined
through skinfold measures, taken using a Harpenden
skinfold caliper (FitSystems, Inc., Calgary, AB), from
seven sites of the body (abdomen, biceps, thigh, iliac
crest, midaxillary, chest, and subscapula) according to
the Jackson-Pollock formulas for men and women. (14)
Percent body fat was calculated from body density us-
ing the Siri body density conversion formula.

One week later, on the same day and time of the
week, participants returned to the laboratory to have
cardiovascular measures recorded. HR, SBP and DBP
were determined in the supine and standing positions
(prior to and following smoking/vaping) using an auto-
mated, non-invasive BP monitor (BpTRU) (Model BPM-
300, VSM Medtech Ltd., Coqitlam, BC). Mean arterial
pressure (MAP) and rate pressure product (RPP) were
also determined. MAP, an indicator of the average blood
pressure during one cardiac cycle was calculated from:
MAP = 1/3 (SBP-DBP) + DBP. Rate pressure product
(RPP), ameasure of theworkload of the heart, was deter-
mined from the product of heart rate and systolic blood
pressure. Beat-by-beat R-R intervals were recorded con-
tinuously using a Polar Sport HR chest strapwhich trans-
mitted the data to a wristwatch (Polar Vantage V2, Polar
Sport, Montreal, QC).

For the supine condition, participants rested comfort-
ably, in the supine position, on an examination table lo-
cated in a quiet, light attenuated room. Participants re-
frained from speaking and moving for 10 min to allow
for the recording of the cardiovascular measures. Car-
diovascular measures were then recorded with the par-
ticipant standing in an upright position for 10 minutes.
Participants remained in the freestanding position with-
out support for an adaptation period of 3 minutes fol-
lowed by 10 minutes (or 512 heart cycles) of beat-by-
beat data recording. Participants were reminded to re-
lax, remain as still as possible, avoid talking and asked
to refrain from leaning backwards on the examination
table that was located behind them. Once the initial
measures were obtained in the supine and standing po-
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F IGURE 1 Study experimental design.

sitions, the participants were escorted to a designated
smoking/vaping area. Participants were given a rest
period of at least 3 minutes after reaching the smok-
ing/vaping area so that their heart rate could return
to baseline before smoking or vaping. The participants
then either vaped e-cigarettes with 5.0% nicotine or
smoked their normal cigarettes in the seated position
for 2 and 5 minutes, respectively. Following this, partici-
pants returned to the laboratory to have their cardiovas-
cular measures recorded again in the supine and stand-
ing positions. Polar Sport HR monitor recorded the R-R
intervals.We determined HRV using Kubios (Kubios Oy,
Kuopio, Finland).

2.3 | Statistical Analysis

Data were statistically analyzed using the computer pro-
gram IBM SPSS Statistics for Macintosh, Version 27.0
(IBM Corp, Armonk, NY). Data are presented as means
(± SD). Descriptive measures were assessed using an in-
dependent t-test or Chi-square test, whereas the hemo-
dynamic and HRV variables of the TC smokers were
compared to that of the EC users using a repeated mea-
sures ANOVA (within-group measure = time; between-
groupmeasure =TC vs EC). A p-value of 0.05 or less was
considered significant.
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3 | RESULTS

3.1 | Baseline characteristics of
participants were similar

No significant differences were observed in baseline
characteristics of the seven chronic TC smokers and the
nine chronic EC-users, with the exception of years smok-
ing or vaping (Table 1). Those individuals who smoked
TC did so for a significantly (p = 0.017) longer period
of time ( 4.7 years) compared to individuals who vaped
EC ( 1.7 years). More than half (56%) of the partici-
pants were women, and they had a significantly (p =
0.041) higher BMI, compared to men, with an average
BMI of 28.7 (9.3) versus 21.1 (2.33) kg/m2. This pattern
was more notable in the vaping (EC) group, albeit non-
significant (p = 0.066), whereby BMI was 32.6 (10.5) for
women compared to 20.9 (2.99) for men. In the group
of TC smokers, BMI was 23.9 (5.4) for women versus
21.34 (1.7) for men.

3.2 | Cardiovascular responses were
similar between cigarette smokers and
vapers

The cardiovascular measures are presented in Table 2.
There were no significant between-group (TC vs EC)

differences in the resting cardiovascular measures, re-
sponse to smoking/vaping or to the orthostatic chal-
lenge.

Repeated measures ANOVA indicated that HR
(F(1,14) = 12.740, p = 0.003), SBP (F(1,14) = 16.980,
p < 0.001), DBP (F(1,14) = 23.502, p < 0.001), MAP
(F(1,14) = 29.797, p < 0.001) and RPP (F(1,14) = 30.028,
p < 0.001) significantly increased in response to smok-
ing/vaping. Compared to the resting condition, HR
(F(1,14) = 382.164, p = < 0.001), SBP (F(1,14) = 11.070,
p = < 0.001), (DBP F(1,14) = 55.746, p = < 0.001),
MAP (F(1,14) = 55.304, p = < 0.001) and RPP (F(1,14)
= 133.320, p = < 0.001) were significantly increased
in response to standing prior to smoking/vaping. Like-
wise, HR (F(1,14) = 111.164, p = < 0.001), SBP (F(1,14)
= 25.748, p = < 0.001), DBP (F(1,14) = 136.310, p = <
0.001), MAP (F(1,14) = 115.010, p = < 0.001) and RPP
(F(1,14) = 161.092, p = < 0.001) significantly increased
in response to standing after smoking/vaping.

3.3 | HRV measures were significantly
influenced by postural change

The HRV measures are presented in Table 3. No
between-group (TC vs EC) differences were observed
for the LF power, HF power, total power and the SNS in-

Variable TC (n = 7) EC (n = 9) p value ALL (n = 16)

Age (yrs) 21.1 (2.12) 19.4 (1.4) 0.075 20.2 (1.9)
Male sex (%) 3 (43) 4 (44) 0.949 7 (44)
Height (m) 1.7 (1.3) 1.8 (1.4) 0.528 1.7 (1.4)
Weight (kg) 66.5 (11.2) 82.3 (22.0) 0.087 75.4 (19.4)
BMI (kg/m2) 22.8 (4.2) 27.4 (9.8) 0.235 25.4 (8.0)
Percent fat (%) 15.6 (11.8) 20.5 (10.8) 0.395 18.4 (11.2)
HR (bpm) 79.6 (9.8) 72.9 (13.5) 0.288 75.9 (12.1)
Systolic BP (mmHg) 108.8 (8.4) 109.7 (5.7) 0.794 109.3 (6.8)
Diastolic BP (mmHg) 72.2 (6.0) 71.9 (6.0) 0.910 72.0 (5.8)
Smoking/vaping (yrs) 4.7 (2.8) 1.7 (1.7) 0.017* 3.00 (2.66)
Smokes/vapes (/day) 3.7 (1.7) 4.0 (1.5) 0.727 3.88 (1.54)
Legend: Values are means ± standard deviation (SD). BMI = body mass index, BP = blood pressure, HR = heart rate. * = p < 0.05

TABLE 1 Descriptive characteristics of participants at entry into the study.
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Before smoking/vaping After smoking/vaping

Variable Condition TC (n = 7) EC (n = 9) All (n = 16) TC (n = 7) EC (n = 9) All (n = 16)

HR (bpm) Rest
Stand

79.6 (9.8)
97.3 (14.8)

72.9 (13.5)
94.1 (13.8)

75.9 (12.1)
95.5 (13.8)*

87.0 (13.1)
101.4 (13.4)

76.1 (14.6)
94.8 (12.8)

80.8 (14.6) **
97.7 (13.1)***

SBP (mmHg) Rest
Stand

108.8 (8.4)
111.3 (7.8)

109.7 (5.7)
112.0 (5.7)

109.3 (6.8)
111.7 (6.5)*

117.9 (8.0)
114.4 (6.19)

118.2 (8.6)
119.1 (7.5)

118.1 (8.1) **
117.0 (7.1)***

DBP (mmHg) Rest
Stand

72.2 (6.0)
81.3 (4.3)

71.9 (6.0)
79.4 (6.5)

72.0 (5.8)
80.3 (5.6)*

78.1 (6.9)
83.5 (5.8)

76.2 (7.4)
84.5 (6.0)

77.0 (7.0) **
84.0 (5.7)***

MAP
(mmHg)

Rest
Stand

84.4 (6.0)
91.3 (5.1)

84.5 (5.5)
90.3 (5.9)

84.5 (5.6)
90.7 (5.4)*

91.3 (6.0)
93.8 (5.0)

90.2 (7.1)
96.0 (5.6)

90.7 (6.5) **
95.0 (5.3)***

RPP (x 103)
(bpm.mmHg-1)

Rest
Stand

8.6 (1.2)
10.8 (1.6)

8.0 (1.7)
10.6 (1.8)

8.3 (1.5)
10.7 (1.7)*

10.2 (1.5)
11.6 (1.6)

9.0 (2.0)
11.3 (1.8)

9.5 (1.8) **
11.4 (1.7)***

Legend: Values are means ± (SD). Abbreviations are as follows: DBP = diastolic blood pressure; EC = electronic cigarette user; HR =
Heart rate; SBP = systolic blood pressure; MAP = mean arterial blood pressure; RPP = rate pressure product; TC = tobacco cigarette
smoker. * = p < 0.05 (“all” stand condition vs “all” rest condition - before smoking/vaping); ** p < 0.05 = (“all” rest condition after
smoking/vaping vs “all” rest condition before smoking/vaping); *** p < 0.05 (“all” stand condition after smoking/vaping vs “all” rest
condition before smoking/vaping).

TABLE 2 Circulatory responses of the participants.

dicator (LF/HF) in the resting condition and in response
to smoking/vaping. There was a significant between-
group effect for the PNS indicator (HF/total power)
(F(1,14) = 7.735, p < 0.015) with the orthostatic chal-
lenge. Standing upright had a stronger PNS effect in the
vaping group (both prior to and following vaping).

Repeated measures ANOVA indicated a significant
main effect of standing on several autonomic indices.
Compared to resting, both the HF (F(1,14) = 5.936, p
= < 0.029) and PNS (HF/total) (F(1,14) = 25.921, p = <
0.001) indicator were significantly reduced with stand-
ing prior to smoking/vaping. Similarly, the HF (F(1,14) =
8.047, p = < 0.013) and PNS (HF/total) (F(1,14) = 35.307,
p = < 0.001) indicator were significantly reduced with
standing after smoking/vaping. In contrast, the SNS indi-
cator was significantly increased in response to standing
both before (F(1,14) = 43.1, p < 0.001) and after (F(1,14)
= 33.622, p < 0.001) smoking/vaping.

4 | DISCUSSION

Themajor findings of this study are that resting hemody-
namics and HRV measures are similar between chronic

TC smokers and EC vapers; HR and BP significantly in-
crease in response to smoking and vaping, but HRV
measures remain the same; and that the autonomic re-
sponse to orthostatic challenge is not altered by smok-
ing or vaping. These results support our hypotheses.
However, our prediction that the circulatory responses
of the TC-smokers would be greater was not observed.

To better comprehend the acute cardiovascular ef-
fects of smoking, HRV is often assessed. (11) HRV can
be measured in both the time- and frequency-domain.
Time domain analysis quantifies the R-R interval be-
tween two neighboring heartbeats over a set period
of time. Frequency domain analysis is commonly used
for analysis of brief recordings of heart rate (HR). (15)
In a frequency-domain analysis, the variability in HR is
put through a mathematical model (Fast-Fourier trans-
formation) to provide indicators of autonomic function.
High frequency (HF) power values are associated with
parasympathetic activity, and low frequency power (LF)
is correlated to both sympathetic and parasympathetic
nervous system activity. (11) Parasympathetic ner-
vous system (PNS) modulation can be inferred from the
parasympathetic indicator (a ratio of the high frequency
to total power), whereas sympathetic (SNS) modulation
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Before smoking/vaping After smoking/vaping

Variable Condition TC (n = 7) EC (n = 9) All (n = 16) TC (n = 7) EC (n = 9) All (n = 16)

LF (ms2/Hz) Rest
Stand

824 (627)
1466 (1681)

2825 (5856)
2740 (3364)

1950 (4416)
2182 (2755)

403 (194)
1658 (2388)

2663 (5107)
1979 (3348)

1674 (3907)
2182 (2755)

HF (ms2/Hz) Rest
Stand

617 (620)
164 (154)

1532 (1730)
690 (1343)

1132 (1404)
460 (1022)*

394 (450)
162 (153)

2603 (4814)
496 (953)

1637 (3704)
350 (723)***

Total Power
(ms2/Hz)

Rest
Stand

2654 (1325)
2724 (2429)

5067 (7002)
5068 (6796)

4012 (5327)
4043 (5332)

1868 (836)
2621 (2674)

6452 (11506)
3767 (6432)

4447 (8741)
3265 (5027)

PNS Indicator
(ms2/Hz)

Rest
Stand

0.20 (0.14)
0.06 (0.02)

0.34 (0.16)
0.12 (0.05)†

0.28 (0.16)
0.08 (0.04)*

0.19 (0.14)
0.06 (0.04)

0.40 (0.24)
0.12 (0.07)††

0.31 (0.22)
0.09 (0.06)***

SNS Indicator
(ms2/Hz)

Rest
Stand

3.39 (4.67)
8.60 (4.54)

1.64 (1.50)
6.21 (2.91)

2.40 (3.27)
7.26 (3.77)*

1.78 (1.45)
8.70 (3.64)

1.24 (0.75)
5.76 (2.43)

1.47 (1.10)
7.05 (3.27)***

Legend: EC = Electronic cigarettes; HF = High frequency, LF = low frequency, PNS = parasympathetic nervous system, SNS =
sympathetic nervous system, TC = tobacco cigarettes, * = p < 0.05 (“all” stand condition vs “all” rest condition - before smoking/vaping),
*** = p < 0.05 (“all” stand condition after smoking/vaping vs “all” rest condition before smoking/vaping); † = p < 0.05 between group
effect (TC vs EC before smoking/vaping, rest to stand transition); †† = p < 0.05 between group effect (TC vs EC after smoking/vaping,
rest to stand transition).

TABLE 3 HRV responses of the participants.

can be inferred from the sympathetic indicator (a ratio
of low frequency to high frequency power).

Our findings of similar resting circulatory and HRV
measures between chronic TC-smokers and EC-users is
supported by the work of Arastoo et al (10) who ex-
amined baseline, resting hemodynamics and HRV mea-
sures in 100 participants (42 chronic TC-smokers and 58
chronic EC-users). These authors found no difference
between the groups on circulatory and HRV measures.
They attributed these results to a consistent level of car-
diac sympathetic activity within the two groups.

Secondly, this study demonstrated that circulatory
parameters includingHR, SBP andDBP aswell as deriva-
tives of these variables (MAP and RPP) were all signifi-
cantly increased 10 min following the smoking as well
as the vaping sessions. However, HRV measures were
unchanged. Several studies compared the acute circu-
latory/hemodynamic responses in TC-smokers with EC-
users. (8, 10, 16-20) One study also examined the acute
effects of smoking/vaping on HRV. (10) Studies which
have kept nicotine exposure equivalent between the
groups, revealed that HR and/or BP are significantly in-
creased to a greater extent in TC-smokers compared to
EC-users. (8, 10, 16, 20) This augmented effect of TC-

smoking has been attributed to the greater number of
chemicals (e.g., tar) in TC smoke. (10) These results in-
dicate that TC-smoking may have a greater detrimental
effect on the circulatory system and support the use of
EC as a safer alternative to TC-smoking or as a smoking
cessation strategy.

The findings of our study, however, agree with the
findings of Franzen et al (17) and Vlachopoulos et al (19)
whereby the increases in HR, SBP and DBP were com-
parable between the two groups. In these studies, the
nicotine delivery may have been actually greater in the
EC-use group leading to the equivalent increases in cir-
culatory measures. Franzen et al (17) performed a ran-
domized cross-over study with 15 active smokers. The
physiological responses to TC smoking or EC-use (either
with nicotine [24 mg/mL] or without nicotine) were ex-
amined in random order. HR, SBP, and DBP increased
similarly in the nicotine conditions and but not in the
EC condition without nicotine. The intensity of vaping
was not standardized according to the depth of each
breath during a puff. Thus, the amount of nicotine ex-
posure could not be controlled. Vlachopoulos et al (19)
also performed a randomized cross-over study with 24
TC smokers. Participants smoked either a TC or vaped
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an EC without knowing the nicotine content. HR, SBP
and DBP were monitored for 5-min as well as 30-min.
Increases in HR, SBP and DBP were similar between
smoking and vaping conditions at the 30-minute mark.
Plasma nicotine levels were not assessed.

Both the tobacco cigarettes as well as the e-
cigarettes used in this study contained nicotine. Nico-
tine stimulates the release of catecholamines and neu-
rotransmitters and can cause tachycardia, and hyperten-
sion. (21) Nicotine also exerts pharmacologic effects
which can enhance cardiac sympathetic activity. (5)
Our finding of a negligible change in HRV dynamics in
response to smoking/vaping is supported by the find-
ings of Arastoo and colleagues. (10) These authors pro-
pose that the lack of change in HRV measures may be
due to chronic tolerance of nicotine (by chronic smok-
ers/vapers) and desensitization of central nicotinic re-
ceptors. Although sympathetic activity (as reflected by
the SNS indicator) was not increased 10 minutes post-
smoking/vaping, it is also possible that this parameter
was increased during the smoking/vaping session and
that this led to the increase observed in circulatory pa-
rameters. Moreover, withdrawal of PNS activity may
also have contributed to the observed effects.

Finally, a unique aspect of this study was examin-
ing the circulatory and HRV response of smokers and
vapers to an orthostatic challenge. Both groups re-
sponded similarly to the challenge, both before and after
smoking/vaping. Postural change from the supine posi-
tion to the standing position will induce a drop in BP
due to venous pooling. (22) This drop in BP is detected
by the baroreceptors which, in turn, will stimulate an in-
crease in HR (via SNS activation and PNS withdrawal)
and consequently will induce an increase in BP. This re-
sponse was observed in this study and was not altered
by smoking and vaping. It is also noteworthy that the or-
thostatic challenge placed a much greater physiological
demand on the body than smoking/vaping.

4.1 | Limitations

This was a pilot study with a cross-sectional design and
a small sample size (n = 16; TC = 7 and EC = 9). A

cross-over study could have increased the sample size
and reduce the variability between the two groups. Sec-
ondly, a non-smoking comparison group was not in-
cluded in the current study; a comparison group would
have been useful to determine if the resting baseline cir-
culatory HRV measures were increased due to an ele-
vation in sympathetic activity. One study which exam-
ined resting HRV in healthy adults (aged 28 ± 8 years)
indicated lower resting measures for HR (64 ± 10 bpm),
SBP (108 ± 12 mmHg), DBP (64 ± 8 mmHg) and values
for LF power (734 [247-2389] ms2) compared to the
data obtained in our study. (23) It is also important to
note that there are multiple factors which can influence
changes in HRV such as; lifestyle, environmental, physi-
ological, and neuropsychological factors. (24) These fac-
tors could have influenced our results. Also, we were
unable to regulate the concentration of nicotine within
the participant’s cigarettes and vapes. In Canada, to-
bacco cigarettes contain between 8.0 – 18.3 mg (13.5
± 0.49 mg) of tobacco which translates to 1.0 – 2.4 %
(1.80 ± 0.06%) tobacco/cigarette. (25) The majority of
EC users in this study vaped 5.0% nicotine (59 mg/ml)
however two individuals used 3.0% (39mg/ml). (26) Ide-
ally, blood samples to check for plasma nicotine concen-
trations following the smoke/vape session would have
been obtained.

5 | CONCLUSIONS

The current study demonstrates that vaping has the
same acute cardiovascular effects as smoking cigarettes
in a small group of young adults. Thus, the use of e-
cigarettes (vaping) containing nicotine may not be the
safer alternative to cigarette smoking that is advertised.
This discrepancy is significant as many individuals be-
gin vaping because they believe it to be better for their
health than cigarette smoking. With the increase in
teens and young adults beginning to vape (27) more re-
search on the cardiovascular response is needed to de-
termine the relative safety and health risks associated
with this behavior. It is important to educate the pub-
lic regarding these risks, to make informed decisions re-
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garding their health.
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